Background Natural orifice translumenal endoscopic surgery (NOTES) has moved quickly from preclinical investigation to clinical implementation. However, several major technical problems limit clinical NOTES including safe access, retraction and dissection of the gallbladder, and clipping of key structures. This study aimed to identify challenges and develop solutions for NOTES during the initial clinical experience. Methods Under an Institutional Review Board (IRB)-approved protocol, patients consented to a natural orifice operation for removal of either the gallbladder or the appendix via either the vagina or the stomach using a single umbilical trocar for safety and assistance. Results Nine transvaginal cholecystectomies, one transgastric appendectomy, and one transvaginal appendectomy have been completed to date. All but one patient were discharged on postoperative day 1 as per protocol. No complications occurred.
Natural orifice translumenal endoscopic surgery (NOTES) is a novel surgical technique that may improve patient outcomes in minimally invasive surgery. The clearest benefit is cosmetic because surgeons use the body's natural orifices for access rather than transfascial incisions. Leaders in gastroenterology and surgery anticipate that NOTES will reduce the incidence of hernia and may improve pain and recovery [1] .
In much the same way as laparoscopy 20 years ago, NOTES defies conventional surgical practices and has been the subject of some appropriate skepticism. In 2004, Kalloo et al. [2] described NOTES in an animal model as a potential next step in the evolution of therapeutic endoscopy. Although several variations of natural orifice operations predate the work of Kalloo et al. [2] , it was their first experiments that sparked the current heavy interest in NOTES.
In response to the clinical potential of NOTES, leaders from the pertinent surgery society (Society of American Gastrointestinal and Endoscopic Surgeons [SAGES] ) and American Society for Gastrointestinal Endoscopy (ASGE) generated a white paper that encouraged further NOTES research and outlined key research areas that needed to be addressed [3] . This outline, generously funded, has led to a body of preclinical work over the past few years. Notably, leaders agreed that all NOTES cases be collated in a central database to ensure accurate reporting of outcomes and to provide early evidence of important trends regarding the safety of NOTES.
A large body of preclinical evidence now exists, demonstrating that several types of NOTES operations can be performed in both acute and survival animal models through a variety of approaches including access via the stomach, rectum, vagina, esophagus, and bladder. The NOTES procedure has moved quickly from a concept to preclinical studies to human clinical trials based on this preclinical work.
To date, most of the published clinical series report experience with the transgastric approach. Endoscopic surgery can be used successfully to treat pancreatic pseudocysts [4] , and small published trials have demonstrated the use of NOTES in peritoneoscopy [5, 6] . Although several institutions are performing clinical research with hybrid NOTES techniques that have been reported in the lay press, few peer-reviewed articles exist at this writing. The published series to date have been encouraging, including series of transvaginal cholecystectomies [7, 8] and transvaginal appendectomies [9] .
At our institution, we invested nearly 2 years in preclinical research using both animate and anatomic material models to maximize patient safety and prepare the way for a clinical trial. Evidence from this intensive work was central to the successful application to the IRB. We described a dual-view hybrid NOTES technique previously, which we believe maximizes safety [10] . The vagina was selected initially as the safest access point for NOTES. Close consultation with the University's Reproductive Medicine and Gastroenterology Departments was central to our planning of human NOTES operations.
This report aims to describe our early clinical experience with transvaginal and transgastric NOTES surgery.
Methods
Two separate protocols for performing NOTES operations were approved by the University of California San Diego (UCSD) IRB. The transvaginal and transgastric approaches were separated into different protocols. Exclusion criteria for both protocols specified prior open abdominal operations, morbid obesity, and extremes of age (Table 1) . presents a full list of exclusion criteria obtained by the principal investigator in all cases.
The protocols were translated into Spanish and submitted to the IRB for Hospital De Clinicas, Buenos Aires, Argentina. The IRB-approved protocol at that institution was identical to that of UCSD. Of our 11 cases, 4 were managed in Argentina. All these cases were transvaginal cholecystectomies.
The management of all cases begins with placement of a small (5 mm or smaller) umbilical trocar for surveillance of the abdomen to determine the feasibility of a natural orifice procedure. All patients are kept in the hospital overnight. The clinical protocol follow-up evaluation includes daily phone calls from the surgeon to check the temperature and pain levels postoperatively and clinic visits at 1 week and 1 month. No additional laboratory or radiologic testing is performed.
Results
A total of 11 NOTES operations have been performed to date over a 6-month period beginning August 2007. The first five cases were managed in Argentina and the remainder in the United States. Three additional patients consented to NOTES operations, which involved two transvaginal cholecystectomies and one transgastric appendectomy. However, after the initial umbilical trocar was placed, the decision was made not to proceed with a natural orifice approach due to severe inflammation in two cases and adhesions in the third case.
All the patients were discharged on postoperative days 1 and 2. No patient exceeded this hospital stay. The initial patient stayed two nights for social reasons (no ride available). All vaginal colpotomies were performed with the assistance of a gynecologist, and all transgastric procedures were performed with the assistance of gastroenterologists.
None of the patients except one transvaginal patient required narcotic pain medications after discharge. No complications had occurred at the 1-month follow-up visit.
The data are described in Table 2 . The operative times were measured from the time of the incision to the time of the closure.
Transvaginal cholecystectomy
To date, nine patients have undergone transvaginal cholecystectomy. In two of these cases, an additional transabdominal port (3 mm) was used as a safety precaution. In all the other cases, only a single 5-mm umbilical port was used. The vagina was closed primarily with a suture under direct vision in all cases. The average patient age was 34 years, and the indications for the operation were gallstone disease. The average operating time was 114 min, and the average blood loss was 20 ml.
All but one patient reported no use of narcotic pain medications after hospital discharge. The one patient who required oral narcotics used them 2 days for shoulder pain.
At the follow-up visit, no complications were reported by any of the patients. The patients were advised to observe pelvic rest for 4 weeks postoperatively. All sexually active patients reported a return to normal sexual activity.
Transgastric appendectomy
In the transgastric cases, one transgastric appendectomy was performed. The patient was a 42-year-old man with 16 h of abdominal pain, an elevated white blood count, and physical exam and computed tomography (CT) findings consistent with appendicitis.
Because this was the first case of transgastric appendectomy at our institution, two needlescopic instruments were used to assist in gastric closure. At the beginning of the case, G-prox sutures (USGI, San Clemente, CA, USA) were placed to assist with closure. These sutures were secured after removal of the specimen. Because this was the first transgastric case managed, the decision was made to aid the G-prox plication sutures with a single stapler load from a linear laparoscopic stapler. The umbilical port was dilated to allow for the stapler. The operative time was 150 min.
Transvaginal appendectomy
One case of transvaginal appendectomy has been managed. The patient was a 24-year-old woman with 24 h of abdominal pain, an elevated white blood count, and CT scan findings consistent with acute appendicitis. The estimated blood loss was minimal, and the operative time was 78 min.
Discussion
We report what we believe is one of the largest, broadest natural orifice series in the Americas. At the time of this report, 11 patients have undergone natural orifice operations at our institution. Our initial experience demonstrates that NOTES is both safe and feasible for cholecystectomy and appendectomy.
The hybrid NOTES approach A key risk to placement of a vaginal trocar is the possibility of unrecognized injury to nearby structures, particularly the rectum and sigmoid colon. Currently, laparoscopic vision is the best way to visualize the pelvis directly to ensure that no injury occurs during transvaginal access.
Endoscopic insufflation may be used to maintain pneumoperitoneum, but this approach is more difficult to manage and measure than a standard laparoscopic port approach, which is specifically designed for intraabdominal insufflation. A wider variation in pressure is observed than with laparoscopic insufflation [11] . The laparoscopic port and insufflation system ensures that any excess insufflation is noted and quickly addressed. The port also allows passage of a single laparoscopic instrument into the abdomen for use. Until better instruments are developed, having one port available for use with well-developed minimally invasive instruments is important for safe natural orifice surgery at this stage. Dissection of the gallbladder from the liver bed is difficult using the endoscopic needlehook or the L-shape hook device (Olympus America, Center Valley, PA, USA). Although it is possible to dissect the gallbladder from the liver bed using this hook, its small size makes dissection cumbersome and lengthy. The use of a laparoscopic hook from the umbilical port, at least for the difficult portions of the dissection, allows for a safer and quicker procedure compared with the endoscopic counterparts.
Laparoscopic clips are absolutely necessary for patient safety. Endoscopic clips are not entirely occlusive and not designed to secure the cystic duct. The development of new endoscopic instruments may improve upon current instrumentation, but until then, we believe the safest course is to use a single laparoscopic access umbilical port.
In this initial experience, three patients who consented to the research protocol were withdrawn after initial inspection with the laparoscope. In the first planned transgastric appendectomy, severe inflammation was noted and identification of the appendix, ileum, and cecum was difficult. The decision was made to perform a laparoscopic appendectomy.
In one of the planned transvaginal cholecystectomies, the patient had a history of hysterectomy. At placement of the initial trocar, dense pelvic adhesions were noted, and the transvaginal route was abandoned. In another planned transvaginal cholecystectomy, severe inflammation and scarring in the right upper quadrant were seen. This case was converted to laparoscopic cholecystectomy, but laparoscopic removal proved impossible as well.
As experience with NOTES grows, surgeons may become more comfortable with challenging cases. However, during this initial evaluation phase, the most challenging cases should be managed with laparoscopy or open surgery. Further experience will help delineate specific criteria, but to date, these decisions have been made by the judgment of the operative team.
Novel instruments
Endoscopes were designed to allow visual inspection of the visceral lumens. Although they may be used to resect small polyps or cauterize small bleeding vessels, the platform simply is incapable of completing larger intraabdominal operations in a quick and reproducible fashion. Natural orifice surgery requires more capability than current endoscopes offer. Retraction of the gallbladder is difficult with flimsy endoscopic graspers that do not maintain a secure purchase on the gallbladder wall. Furthermore, dedicating one channel of an endoscope to retraction limits vision and prohibits use of that channel by a tissue manipulation instrument through a second channel.
A long articulating grasper placed adjacent to the endoscope through a common port (developed by UCSD and Novare Endosurgical, Cupertino, CA) allows for strong and flexible retraction independent of and offset from the endoscopic platform. This instrument, approximately 75 cm long, features a cable system that allows for flexibility at the tip and extra degrees of freedom, similar to the wrist of the da Vinci robotic surgical system (Intuitive Surgical, Sunnyvale, CA, USA). This device provides enough rigidity for strength of retraction, but with some flexibility to optimize exposure, and the strength of its grip on the gallbladder wall vastly exceeds that of an endoscopic grasper.
A stable operating platform for the transgastric approach also is a valuable addition. The transport system (USGI, San Clemente, CA) allows passage of additional largercaliber endoscopic instruments. Most importantly, it can be locked into a fixed form to allow the endoscopic operator additional freedom. This device also allows for passage of specialized sutures that cannot be used reliably with standard endoscopes.
The transvaginal approach
Compared with other natural orifice access routes, the transvaginal approach to NOTES imparts the least amount of risk to the patient. However, this approach is controversial given its sensitive and private nature. Numerous vaginal and transvaginal gynecologic procedures are performed daily across the United States. Furthermore, data have shown this approach to be safe and effective. It contrasts heavily with the transgastric approach, in which intentional perforation of the gastric wall is a novel concept.
The largest published series of 100 laparoscopic and combined culdoscopic procedures (hybrid NOTES) using multiple transabdominal instruments resulted only in a single uncomplicated postoperative fever [12] . Additionally, series comparing laparoscopically assisted vaginal hysterectomy with laparoscopic hysterectomy have found similar complication rates despite the use of the vaginal conduit [13, 14] . Published studies have demonstrated a higher incidence of certain complications (bladder injury, blood loss greater than 1 l, and vaginal hematoma) using a vaginal approach. [15] . It also should be noted that the incision in a NOTES transvaginal procedure and the expected blood loss are less than with vaginal hysterectomy. It could be surmised that the addition of laparoscopic vision used in a NOTES approach should reduce the likelihood of bladder injury or excess bleeding.
In recent years, vaginal hysterectomy has gained momentum in many countries as the operation of choice for benign uterine disease requiring an operation [16] . The route of hysterectomy appears to have little effect on postoperative sexual function [17] . Overall pain scores are improved by a vaginal approach compared with abdominal hysterectomy [18, 19] . This probably is due to avoidance of an incision in the abdominal wall musculature. This benefit hopefully will extend to NOTES.
Clearly, it is critical to discuss all the potential known and unknown risks of a transvaginal NOTES procedure in obtaining informed consent. The risk of infertility after transvaginal NOTES procedures is unknown, but avoidance of bleeding and inflammation to the pelvis should minimize this potential risk. Although the mere suggestion that this procedure could lead to infertility may discourage many proponents of NOTES, the experience of reproductive medicine suggests that the risk is likely to be very small. The transvaginal approach is sometimes used for delivery of therapy to women with refractory infertility [20, 21] , and transvaginal procurement of oocytes has been in practice for more than 20 years [22] .
A survey conducted at our institution found that approximately 68% of women (n = 100) would be willing to undergo a transvaginal procedure for gallbladder disease if the complication rate were similar (submitted for publication).
Though not yet published, this data is included to describe potential patient acceptance of natural orifice procedures. This is consistent with surveys regarding patient attitudes toward NOTES at other institutions [23] . In our initial experience, two patients declined transvaginal cholecystectomy and one declined transgastric appendectomy due to the novel nature of the operation.
In our experience, vaginal access is quickly and easily obtained under direct vision. Because a dilating (nonbladed) trocar is used to stretch the incision, the incision quickly collapses to a smaller diameter after removal of the trocar. The gallbladder is removed easily from the trocar, either with or without an endobag. Using a vaginal speculum, the incision is easily visualized, and a single stitch can be placed to close the incision without difficulty. Larger studies are needed to determine the true safety and efficacy of the transvaginal approach. A national database is the best means for collecting data on the natural orifice experience.
The transgastric approach
The transgastric appendectomy reported herein demonstrates the safety and feasibility of a transgastric approach to appendicitis. The outcome for the reported patient is similar to the outcome expected from a laparoscopic appendectomy. The use of the USGI transport system creates the capability for using additional tools relative to accomplishing the procedure with a standard two-channel therapeutic endoscope.
Reliable and reproducible closure of the gastrotomy remains the largest challenge for the successful development of NOTES. Although many endoscopic suturing methods or devices are in use or development, most are cumbersome and require extensive training and lab time for their effective use.
Dilation of the gastrotomy appears to be preferable to cutting a long gastrotomy because after the endoscope or operating platform is removed, the dilated gastrotomy shrinks down in size as the uncut muscle contracts. Control of both the pnuemoperitoneum and gas volumes inside the stomach are essential to the success of transgastric NOTES.
The future of NOTES
The NOTES procedure must be safe and the operations easily replicated if the new technique is to become clinically relevant. The described operative approach addresses many of the technical challenges that hinder NOTES and provides solutions for a safe, rapid, and duplicable operation. Laparoscopic assistance allows for safe vision, minimizing the risk for unrecognized injury during access. The 5-mm port also provides control of insufflation, which may be difficult to maintain and measure using an endoscope alone.
In three cases, the initial umbilical port and laparoscope were placed, and the decision was made not to proceed with a NOTES approach. The first case involved a cholecystectomy for a patient who had undergone a prior hysterectomy. Due to pelvic scarring, the vaginal access was not thought to be safe. The second case involved a severely inflamed gallbladder. This case was converted to laparoscopy, but given the severity of the inflammation, the operation could not be completed laparoscopically.
Most importantly, the 5-mm port permits use of the same instruments used in the gold standard for critical portions of the operation. Current endoscopic clips are not indicated for clipping of the cystic duct, so the laparoscopic clips must be used, necessitating a 5-mm abdominal port.
Without a doubt, a cholecystectomy can be completed using current endoscopic instruments, but if this task results in a 4-to 6-h procedure, the patient then is exposed to unnecessary risks. Endoscopic dissection of the gallbladder from the liver bed is a tedious task that requires extensive experience with therapeutic endoscopy. The handles of endoscopes are not ergonomically suitable for such long procedures and may pose a challenge for the surgeon. Alternatively, use of the 5-mm hook from an umbilical port is easily accomplished by a general surgeon familiar with laparoscopy and ergonomically beneficial to the surgeon's hands and back.
To reduce hernia formation and improve cosmesis, only a single transabdominal trocar is placed. The single 5-mm incision is well hidden within the umbilicus, and the risk of hernia from this single site is low due to the use of a dilating nonbladed trocar. The end effect is a procedure that is virtually scarless (Fig. 1, postoperative view) . A pure NOTES approach may eliminate postoperative hernias altogether [1] (Figs. 2, 3) .
Further data are needed to determine the true safety and efficacy of clinical NOTES. The creation of the NOSCAR (Natural Orifice Surgery Consortium for Assessment and Research) patient registry ensures an honest review of this emerging technology. With this technique still in its infancy, its potential has created a large interest among researchers and industry to create the next wave of developments in minimally invasive surgery, a rapidly evolving field.
Conclusions
In this initial series, NOTES proved to be both feasible and safe. Although NOTES introduces a new set of potential complications for natural orifice operations, none were observed in this initial cohort of patients. Patients do not require the oral narcotic medications typically given after these procedures. This may be due in part to sparing of the muscle fibers of the abdominal wall. Placement of the umbilical trocar also spares these fibers and makes use of an existing scar. Still, it is impossible to compare pain outcomes without further prospective study comparing natural orifice surgery with laparoscopic surgery.
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